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STATIONARY ELECTRICAL STORAGE
SYSTEM AND CONTROL METHOD

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2013-
034279 filed on Feb. 25, 2013 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to charging and discharging control
over a stationary electrical storage system.

2. Description of Related Art

Japanese Patent Application Publication No. 2004-
185915 (JP 2004-183915 A) describes a replacement
method 1n which part of a plurality of cells that constitute a
battery pack 1s replaced with a replacement new cell. With
this replacement method, the battery pack 1s allowed to be
used without carrying out a post-replacement equalizing
process by charging the new cell to a charged level lower
than those of the cells other than the replacement-target unit
cell.

However, charging efliciencies are diflerent between the
replaced new cell and each of the non-replaced old cells and
between the old cells due to a difference 1n cell degradation,
and the like. Therefore, there may be variations 1n charged
level (SOC) among the cells that constitute the battery pack
as a result of repetition of charging and discharging.

Particularly, different from a battery pack that outputs
energy that 1s used to cause a vehicle to travel, a stationary
storage battery has a wide usage range of the charged level
(difference between an SOC upper limit value and an SOC
lower limit value). It the usage range of the charged level 1s
wide, the influence of the difference in charging efliciency
turther increases, and variations 1n the charged level tend to
increase. Diflerent from the vehicle battery that allows a
large output at a time, in the stationary storage battery for
which importance 1s placed on supplying electric power
stably for a certain period, 1f variations in the charged level
among the cells increase as a result of repetition of charging
and discharging and the chargeable and dischargeable usage
range reduces, 1t may not be able to exercise suflicient
performance as the stationary storage battery.

In addition, 1n recent years, there 1s an eflort to reuse a
battery pack, mounted on a hybrid vehicle or an electric
vehicle, as a stationary storage battery, and the used battery
pack mostly has a difference 1n charging efliciency due to
cell degradation and the like. Therefore, there 1s a possibility
that the performance of the stationary storage battery cannot
be sufliciently extracted and the used battery pack cannot be
reused so as to fully use the battery pack.

SUMMARY OF THE

INVENTION

The invention provides a stationary electrical storage
system that 1s able to suppress a decrease 1n the performance
of a stationary storage battery due to varnations in charged
level among a plurality of nickel metal hydride secondary
batteries that constitute the stationary storage battery.

A first aspect of the invention includes: a stationary
storage battery including a plurality of nickel metal hydride
secondary batteries connected in series with each other and
configured to supply electric power to a load; and a con-
troller configured to repeatedly execute charging control

10

15

20

25

30

35

40

45

50

55

60

65

2

with the use of an external power supply and discharging
control 1n order to supply electric power to the load. The
controller 1s configured to stop discharging the stationary
storage battery to the load when an SOC of any one of the
nickel metal hydride secondary batteries has become a first
threshold, and the controller 1s configured to stop charging
the stationary storage battery from the external power supply
when an SOC of any one of the nickel metal hydnde
secondary batteries has become a second threshold.

The controller 1s configured to additionally charge the
whole stationary storage battery in charging control with the
use of the external power supply such that: the nickel metal
hydride secondary battery other than the nickel metal
hydride secondary battery having the lowest SOC 1s allowed
to be charged to a fully charged level beyond the second
threshold by not stopping charging when the SOC of the any
one of the nickel metal hydride secondary batteries has
become the second threshold; and the SOC of the nickel
metal hydride secondary battery having the lowest SOC
becomes higher than or equal to the second threshold.

According to the first aspect of the invention, it 1s possible
to reduce the span of variations 1n SOC between the plurality
of nickel metal hydride secondary batteries that constitute
the stationary storage battery within the range between the
tully charged level and the second threshold through addi-
tional charging such that the variations i SOC are elimi-
nated. Therefore, 1t 1s possible to suppress a reduction in the
SOC usage range between the first threshold and the second
threshold, in which charging and discharging are allowed, so
it 1s possible to suppress a decrease in the battery perfor-
mance of the stationary electrical storage system due to
variations 1 SOC.

The controller may be configured to additionally charge
the whole stationary storage battery until the SOC of the
nickel metal hydrnide secondary battery having the lowest
SOC reaches the fully charged level beyond the second
threshold. With this configuration, it 1s possible to equalize
the SOC of each of the nickel metal hydrlde secondary
batteries at the fully charged level (the SOC 15 100%), so 1t
1s possible to eliminate variations 1n SOC.

The controller may be configured to carry out charging at
a first charging rate until the SOC of the nickel metal hydnide
secondary batteries becomes the second threshold in the
charging control, and the controller may be configured to
carry out charging at a second charging rate lower than the
first charging rate from when the SOC of the nickel metal
hydride secondary batteries has become the second thresh-
old to when the SOC of the nickel metal hydride secondary
battery reaches the fully charged level. With this configu-
ration, for example, 1t 1s possible to appropriately carry out
charging to the fully charged level beyond the second
threshold while suppressing heat generation of the nickel
metal hydride secondary batteries due to overcharging.

The stationary electrical storage system may further
include a voltage sensor configured to detect a voltage value
of each of the nickel metal hydride secondary batteries; and
a current sensor configured to detect a current value flowing
through the nickel metal hydrnide secondary batteries. The
controller may be configured to determine the first nickel
metal hydride secondary battery that has reached a voltage
value corresponding to the first threshold on the basis of a
prescribed correspondence map between the SOC of each
nickel metal hydride secondary battery and the voltage
value, and to stop discharging, the controller may be con-
figured to determine the second nickel metal hydride sec-
ondary battery that has reached a voltage value correspond-
ing to the second threshold on the basis of the
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correspondence map, and to stop charging, and the control-
ler may be configured to additionally charge the whole
stationary storage battery when an SOC difference between
the first mickel metal hydride secondary battery and the
second nickel metal hydride secondary battery 1s larger than
or equal to a predetermined value. By carrying out additional
charging in response to the SOC diflerence as a trigger, a
reduction 1n the SOC usage range between the first threshold
and the second threshold due to variations i SOC 1is
periodically eliminated, so 1t 1s possible to approprately
maintain the battery performance of the stationary electrical
storage system.

The controller may be configured to calculate the SOC of
the second nickel metal hydride secondary battery at the
time when the SOC of the first nickel metal hydride sec-
ondary battery has reached the first threshold on the basis of
a charging and discharging current accumulated value from
when discharging 1s started to when the SOC of the first
nickel metal hydride secondary battery reaches the first
threshold 1n the discharging control. With this configuration,
it 1s possible to accurately calculate the current SOC of the
second nickel metal hydride secondary battery, which has
decreased from the second threshold.

The controller may be configured to additionally charge
the whole stationary storage battery such that the second
nickel metal hydride secondary battery 1s charged with an
amount of electric power corresponding to the SOC difler-
ence after the second nickel metal hydride secondary battery
has been charged to the second threshold. With this con-
figuration, it 1s possible to carry out charging with electric
power for eliminating (reducing) variations 1n SOC between
the nickel metal hydride secondary batteries 1n just propor-
tion, and it 1s possible to, for example, reduce an increase in
temperature (heat generation) of each of the nickel metal
hydride secondary batteries due to overcharging by sup-
pressing excessive charging.

A second aspect of the invention provides a control
method for a stationary storage battery including a plurality
of nickel metal hydride secondary batteries connected 1n
series with each other and configured to supply electric
power to a load. The control method includes executing
discharging control to the load, and stopping discharging the
stationary storage battery to the load when an SOC of any
one ol the nickel metal hydride secondary batteries has
become a first threshold; executing charging control with the
use of an external power supply, and stopping charging the
stationary storage battery from the external power supply
when an SOC of any one of the nickel metal hydride
secondary batteries has become a second threshold; repeat-
edly executing the charging control with the use of the
external power supply and the discharging control 1n order
to supply electric power to the load; and additionally charg-
ing the overall stationary storage battery in the charging
control such that the nickel metal hydride secondary battery
other than the nickel metal hydride secondary battery having
the lowest SOC 1s allowed to be charged to a fully charged
level beyond the second threshold by not stopping charging
when the SOC of the any one of the nickel metal hydride
secondary batteries has become the second threshold and the
SOC of the nickel metal hydride secondary battery having
the lowest SOC becomes higher than or equal to the second
threshold. According to the second aspect of the invention,
a similar advantageous eflect to that of the first aspect of the

invention 1s obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the invention will be
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described below with reference to the accompanying draw-
ings, 1 which like numerals denote like elements, and
wherein:

FIG. 1 1s a view that shows the system configuration of a
stationary electrical storage system;

FIG. 2 1s a graph that shows a usage mode of a battery
pack 1n the stationary electrical storage system and an
example of vanations 1n SOC among a plurality of unit cells
that constitute the battery pack;

FIG. 3 1s a graph that shows a change 1n SOC 1n charging
and discharging control over the stationary electrical storage
system;

FIG. 4 1s a graph for illustrating external charging control
up to an SOC upper limit value;

FIG. 5 15 a graph for illustrating a mode in which the SOC
of each unit cell 1s equalized through refresh charging;

FIG. 6 1s a graph that shows an example of an SOC-OCV

map for a nickel metal hydride secondary battery;
FIG. 7 1s a view that shows the control flow of a refresh
charging determination process for the stationary electrical

storage system; and
FIG. 8 1s a view that shows the control flow of an external

charging process.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereimnafter, an embodiment of the invention will be

described.

First Embodiment

A stationary electrical storage system according to a first
embodiment of the invention will be described with refer-
ence to FIG. 1 to FIG. 8. FIG. 1 1s a system configuration
view of the stationary electrical storage system 1.

The stationary electrical storage system 1 1s, for example,
used as a stationary power supply that 1s used at a shop, a
factory, a house, or the like, and 1s connected to a load 50
(electric power consumption device) of a house, or the like.
In addition, the stationary electrical storage system 1 1is
connected to an external power supply, and 1s able to supply
clectric power to the electric power consumption device (is
able to be discharged) and to be charged with electric power
that 1s supplied from an external power supply 60.

The electric power consumption device, for example,
includes a home electric appliance, an air conditioner, an
equipment instrument, and the like. The external power
supply 60, for example, includes a photovoltaic power
generator (photovoltaic panel), a self-power generator, a
commercial electric power that 1s supplied via a power
transmission line, and the like.

A battery pack 10 (which corresponds to an electrical
storage device) includes a plurality of unit cells (which
correspond to electrical storage elements) 11 connected 1n
series with one another. A mickel metal hydride secondary
battery 1s used as each unit cell 11. The number of the unit
cells 11 may be set as needed on the basis of a required
output of the battery pack 10, and the like. In the battery
pack 10 according to the present embodiment, all the umit
cells 11 are connected 1n series with one another. Instead, the
battery pack 10 may include a plurality of unit cells 11
connected 1n parallel with each other.

In addition, the battery pack 10 (unit cells 11) according
to the present embodiment includes not only a new battery
pack 10 but also a used (secondhand) battery pack 10 that
has been mounted on a vehicle, such as a hybrid vehicle and
an electric vehicle. The used battery pack 10 includes a
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rebuilt battery pack that 1s reconstructed by gathering the
unit cells 11 from among the plurality of used battery packs
10 or reconstructed by replacing part of the unit cells 11 of
the used battery pack 10 with the unit cells 11 of a new or
another used battery pack 10.

The battery pack 10 1s connected to a step-up converter 40
via a positive electrode line PL1 and a negative electrode
line NL1. The positive electrode line PLL1 1s connected to a
positive electrode terminal of the battery pack 10. The
negative electrode line NL1 1s connected to a negative
clectrode terminal of the battery pack 10. A relay device Rla
1s provided 1n the positive electrode line PL1, and a relay
device R2a 1s provided 1n the negative electrode line NL1.

In addition, the battery pack 10 1s connected to the
external power supply 60 via a positive electrode line PL2
and a negative electrode line NL2. The positive electrode
line PL2 1s connected to the positive electrode terminal. The
negative electrode line NL2 1s connected to the negative
clectrode terminal. A relay device R1b 1s provided in the
positive electrode line PL2. A relay device R2b 1s provided
in the negative electrode line NL2.

The step-up converter 40 1s connected to the load 50. The
step-up converter 40 1s able to step up or step down the
output voltage of the battery pack 10 and to supply the
stepped-up or stepped-down electric power to the load 50. It
1s possible to supply direct-current or alternating-current
power to the load 50. When alternating-current power 1s
supplied, an mverter 1s provided between the step-up con-
verter 40 and the load 50.

The external power supply 60 supplies external electric
power to the battery pack 10. In the example of FIG. 1, the
battery pack 10 1s directly connected to the external power
supply 60. Instead, charging electric power may be config-
ured to be supplied from the external power supply 60 to the
battery pack 10 via the step-up converter 40, the inverter, or
the like.

A voltage sensor 20 detects a terminal voltage of the
battery pack 10 and a voltage of each of the serially
connected unit cells 11 that constitute the battery pack 10,
and outputs the detected results to a controller 30. A current
sensor 21 detects a charging or discharging current for
charging or discharging the battery pack 10, and outputs the
detected result to the controller 30.

In addition, the current sensor 21 1s able to detect an
external charging current flowing through the battery pack
10 via the external power supply 60 and to output the
detected result to the controller 30. The current sensor 21
according to the present embodiment 1s provided 1n a current
path of the external charging current that 1s output from the
external power supply 60 to the battery pack 10, and 1is
provided 1n a current path along which the external charging,
current tlows through the battery pack 10 while the relay
devices Rla, R2a are 1n an off state, that 1s, 1n a state where
the battery pack 10 1s disconnected from the load 30. It 1s
also applicable that a current sensor that detects an external
charging current flowing through the battery pack 10 via the
external power supply 60 and a current sensor that detects a
current flowing through the battery pack 10 in charging and
discharging control over the battery pack 10 are individually
provided and separately detect currents.

The controller 30 1s a control unit that governs control
over the whole stationary electrical storage system 1, and 1s
a control device that executes processes required for charg-
ing and discharging control, such as an SOC estimation
process and an external charging process via the external
power supply 60, together with charging and discharging
control over the battery pack 10. The controller 30 1s able to
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calculate the SOC of the battery pack 10 (unit cells 11) on
the basis of a voltage value detected by the voltage sensor 20
and a current value detected by the current sensor 21, and 1s
able to execute charging and discharging control over the
battery pack 10 on the basis of the calculated SOC and a
tully charged level. A memory 31 1s storage means for
storing various pieces ol mformation.

The controller 30 acquires the voltage value of the battery
pack 10 and the voltage value of each unit cell 11, which are
detected by the voltage sensor 20, and the current value that
1s detected by the current sensor 21 at predetermined timing
or predetermined time intervals 1n a period from when the
stationary electrical storage system 1 starts charging and
discharging control to when charging and discharging con-
trol ends. The controller 30 executes the SOC estimation

process for estimating the SOC of the battery pack 10 (unit
cells 11) on the basis of the acquired CCV. The calculated

values, the detected values, and the like, are used 1n charging
and discharging control, and are stored 1n the memory 31.

-

The controller 30 may be configured to individually
include a controller for executing the SOC estimation pro-
cess and a controller for executing the external charging
process. That 1s, a central control unit that governs control
over the stationary electrical storage system 1 may be
configured to control various portions. Alternatively, an
individual controller may be provided for control over each
portion, and the central control unit may be configured to be
connected to the individual controllers.

The SOC of the battery pack 10 (unit cells 11) indicates
the percentage (state of charge) of a current charged level to
a fully charged level of the battery pack 10, and the fully
charged level indicates a full charge state (the SOC 1s
100%). The SOC 1s determined from an open circuit voltage
(OCV) of the battery pack 10. For example, an SOC-OCV
map may be stored in the memory 31 in advance as
correspondence relationship data between the SOC and
OCYV of the battery pack 10. The controller 30 1s able to
calculate the OCV of the battery pack 10 from the voltage
(closed circuit voltage (CCV)) that 1s detected by the voltage
sensor 20, and to calculate the SOC {rom the SOC-OCV
map.

The correspondence relationship between the SOC and
OCYV of the battery pack 10 varies with a battery tempera-
ture. Therefore, the SOC-OCV map may be stored in the
memory 31 for each battery temperature, and, when the SOC
1s estimated on the basis of the OCV of the battery pack 10,
the SOC-OCYV map may be changed (selected) on the basis
of the battery temperature that 1s detected by a temperature
sensor (not shown) and then the SOC of the battery pack 10
may be estimated.

The controller 30 1s able to acquire an overcharged state
or overdischarged state of the battery pack 10 by monitoring
the voltage value (CCV) detected by the voltage sensor 20
during charging or discharging. For example, charging and
discharging control may be executed to limit charging of the
battery pack 10 such that the calculated SOC does not
become higher than a predetermined SOC upper limit value
(for example, a charge end voltage corresponding to the
tully charged level) or limit discharging of the battery pack
10 such that the calculated SOC does not become lower than
an SOC lower limit value (for example, a discharge end
voltage set for a state where the charged level 1s zero (0%)).

In addition, the controller 30 may execute an SOC esti-
mation process that uses an accumulated value of the
charging and discharging currents of the battery pack 10,
other than the above-described calculation method that uses
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the SOC-OCV map, as a method of calculating the SOC of
the battery pack 10 (unit cells 11).

The controller 30 executes the process ol accumulating
the charging and discharging currents during charging and
discharging control, and stores the charging and discharging
current accumulated value 1n the memory 31 as a charging
and discharging history. For example, the detected value that
1s detected by the current sensor 21 1s accumulated as a
positive value for a discharging current and a negative value
for a charging current, and it 1s possible to calculate the
charging and discharging current accumulated value.

The SOC of the battery pack 10 (unit cells 11) indicates
the amount of electric power (Ah) stored with respect to the
tully charged level. That 1s, the amount of electric power
stored 1n the battery pack 10 and the SOC have a corre-
spondence relationship, so 1t 1s possible to acquire a change
of the SOC from a predetermined SOC to a current SOC
from the charging and discharging current accumulated
value. For example, the amount of discharged electric power
1s acquired by accumulating a discharging current when the
battery pack 10 1s discharged from a state where the SOC 1s
90%. It 1s possible to calculate the current charged level
(Ah), that 1s, the current SOC, by acquiring the charged level
(Ah) at the SOC of 90% 1n advance and then subtracting the
amount of discharged electric power, corresponding to the
current accumulated value, from the charged level at the
SOC of 90%.

Next, charging and discharging control over the stationary
clectrical storage system 1 according to the present embodi-
ment will be described. FI1G. 2 15 a graph that shows a usage
mode of the battery pack 10 in the stationary electrical
storage system 1 and an example of variations i SOC
among the plurality of unit cells 11 that constitute the battery
pack 10.

A vehicle battery 1s, for example, used 1n the range of 30
to 70% 1n SOC, whereas the stationary electrical storage
system 1 1s basically allowed to be used 1n the range of 0 to
100% 1n SOC and 1s used 1n the range of 10 to 90% 1n SOC
even when an overcharged state or an overdischarged state
1s considered m view of battery protection. That 1s, the
stationary electrical storage system 1 diflers from the vehicle
battery in usage purpose and usage method.

A vehicle-mounted battery that stores electric power that
1s supplied to a vehicle drive motor allows a large output at
a time 1n response to a vehicle request, so the current value
momentarily varies during charging or discharging, fluctua-
tions in the current value are extremely large, and voltage
fluctuations are relatively small. That 1s, this 1s the usage
mode 1in which it 1s possible to exercise suflicient battery
performance even when the SOC usage range 1s a narrow
range like the range of 30 to 70%. Therefore, even when the
usage range reduces due to variations in SOC among the unit
cells 11, a decrease 1n battery performance 1s small with
respect to a vehicle request.

In contrast to this, 1n the stationary electrical storage
system 1, importance 1s placed on supplying stable electric
power to the load 50 for a certain period, so charging or
discharging 1s carried out at a constant current. That 1s, by
carrying out charging or discharging at a constant current 1n
the wide SOC range of 10 to 90%, supplying stable electric
power for a certain period 1s achieved, and fluctuations in the
current value are small and voltage fluctuations are rela-
tively large as compared to those of the vehicle battery.
Thus, in the stationary electrical storage system 1 that
achieves stable electric power supply by using a wide range
of SOC like 10 to 90%, if the usage range reduces due to
variations 1 SOC among the unit cells 11, a decrease in
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battery performance increases with respect to stable electric
power supply required for the stationary electrical storage
system 1.

As shown 1n FIG. 2, 1in the stationary electrical storage
system 1, for example, charging and discharging of the
battery pack 10 are controlled on the condition that an SOC
upper limit value preset against overcharging 1s 90% and an
SOC lower limit value preset against overdischarging 1s
10%. Discharging 1s allowed until the SOC reaches 10%,
and charging 1s allowed until the SOC of the battery pack 10
reaches 90%. The battery pack 10 repeatedly undergoes
constant current discharging to the SOC lower limit value
and constant current charging to the SOC upper limit value
with the use of the external power supply 60 1n a change of
the SOC within the usage range larger than that of the
vehicle battery.

FIG. 3 1s a graph that shows a change 1n SOC 1n charging
and discharging control over the stationary electrical storage
system 1. In charging control and discharging control over
the battery pack 10, the controller 30 executes charging and
discharging control within the usage range from the SOC
upper limit value to the SOC lower limit value by deter-
mining whether the SOC of each unit cell 11 has reached the
SOC upper limit value or the SOC lower limit value on the
basis of the voltage value of each unit cell 11.

In charging control, the controller 30 stops charging when
any one of the unit cells 11 has reached the SOC upper limait
value (corresponding voltage value). FIG. 4 1s a graph for
illustrating external charging control up to the SOC upper
limit value. As shown 1n FIG. 4, when charging 1s carried out
at a predetermined charging rate, the unit cell C reaches the
SOC upper limit value first. Because charging 1s stopped
when the umt cell C reaches the SOC upper limit value, the
other unit cells 11 including the unit cell H stop being
charged before reaching the SOC upper limit value, and are
charged only to an SOC lower than the SOC upper limait
value. Therefore, there 1s a variation in SOC between the
unit cell C and the umt cell H. The controller 30 1s able to
identify the unit cell C as the unit cell 11 having the highest
SOC.

On the other hand, as shown in FIG. 3, in discharging
control, the controller 30 stops discharging when any one of
the unit cells 11 has reached the SOC lower limit value
(corresponding voltage value). For example, 1n the example
of FIG. 2, the unit cell H reaches the SOC lower limit value
first. At this time, the unit cell H may be 1dentified as the unit
cell 11 having the lowest SOC.

That 1s, because discharging is carried out in a state where
there 1s an SOC diflerence between the unit cell C and the
unit cell H, the unit cell H having a lower SOC than the unit
cell C reaches the SOC lower limit value earlier than the unit
cell C. When the umit cell H reaches the SOC lower limait
value, discharging of the battery pack 10 1s stopped. There-
fore, discharging of the other unit cells 11 including the unit
cell C 1s stopped although the other unit cells 11 have SOCs
higher than the SOC lower limit value (store the discharge-
able amount of electric power).

In this way, 1n the stationary electrical storage system that
1s used 1n the wide SOC range of 10 to 90%, the influence
of a diflerence 1n charging efliciency among the unit cells 11
increases as compared to that of the vehicle battery, and
variations 1 SOC easily become large, with the result that
the SOC usage range of the battery pack 10 tends to reduce
due to aging through repeated charging and discharging.
Particularly, when the umit cells 11 that are used in the
battery pack 10 are recycled used unit cells 11, it 1s difhicult
to avoid an increase 1n variations 1n SOC due to the influence
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of a difference 1n charging efliciency among the unit cells 11,
so there 1s a concern that 1t 1s not possible to sufliciently
exercise the battery performance of the stationary electrical
storage system 1.

In the present embodiment, in order to suppress a reduc-
tion 1 the SOC usage range of the stationary electrical
storage system 1, an SOC difference that occurs due to
variations in charging efliciency among the unit cells 11 1s
climinated by carrying out refresh charging during external
charging, thus making 1t possible to sufliciently exercise the
battery performance of the stationary electrical storage sys-
tem 1 having the large SOC usage range.

Refresh charging 1s carried out in external charging con-
trol, and 1s to eliminate variations 1 SOC among the unit
cells 11 by carrving out additional charging in addition to
normal external charging control 1n charging and discharg-
ing control in the usage range of the above-described SOC
upper limit value (which corresponds to a second threshold)
and the SOC lower limit value (which corresponds to a first
threshold).

In the present embodiment, as described above, a mode in
which refresh charging i1s carried out 1n the case where the

SOC difference between the unit cell C having the highest
SOC and the umit cell H having the lowest SOC, which are
identified in charging and discharging control, exceeds a
predetermined value will be described as an example. This
1s to periodically eliminate a reduction 1n SOC usage range
due to variations 1 SOC by carrying out additional charging
when the SOC difference 1s larger than or equal to a
predetermined value as a trigger of additional charging so
that i1t 1s possible to appropriately maintain the battery
performance of the stationary electrical storage system.
Additional charging according to the present embodiment
may be, for example, configured to be automatically carried
out at predetermined timing (for example, once a month)
without considerations for an SOC difference or to be carried
out in response to forcible mput operation (for example, ON
operation of an SOC variation elimination button) conducted
by a user, a worker, or the like, 1n maintenance work, or the
like, for the stationary electrical storage system 1.
Initially, as shown 1n FIG. 4, the controller 30 carries out

charging at a first charging rate until the SOC of any one of

the unit cells 11 reaches the SOC upper limit value while
monitoring the voltage of each of the unit cells 11 that
constitute the battery pack 10 1n normal charging control
over the battery pack 10 via the external power supply 60.

Subsequently, when the controller 30 carries out refresh
charging (when the SOC diflerence is larger than the pre-
determined value), the controller 30 does not stop charging
even when any one SOC has reached the SOC upper limait
value but continues charging at a second charging rate.
Charging 1n which charging 1s allowed and continued until
all the umt cells 11 reach the fully charged level (100%)
beyond the SOC upper limit value 1s the refresh charging
(additional charging).

As shown 1n FIG. 5, after the SOC of each unit cell 11 has
reached the SOC upper limit value, each umt cell 11 1s
turther charged with the amount of electric power corre-
sponding to “100%-SOC upper limit value” to the fully
charged level (the SOC of 100%). At this time, even when
the unit cell C has reached the SOC upper limit value, there
1s an SOC difference between the unit cell C and the umit cell

H, so the unit cell H 1s turther charged with the amount of

clectric power corresponding to the SOC diflerence 1n
addition to the amount of electric power corresponding to
“100%-SOC upper limit value”. In the example of FIG. 5,
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regions indicated by mesh hatching indicate overcharged
regions beyond the fully charged level.

The other unit cells 11 other than the unit cell C each are
also similarly further charged with the amount of electric
power corresponding to the SOC difference with respect to
the unit cell H 1n addition to the amount of electric power
corresponding to “100%-SOC upper limit value”, and
undergo additional charging until the unit cell H having the
lowest SOC reaches the fully charged level.

Each of the umit cells 11 other than the umt cell H 1s
charged with the amount of electric power beyond the fully
charged level (100%) to become an overcharged state;
however, when the unit cell H having the lowest SOC
reaches the fully charged level, all the unit cells 11 are
equalized at the fully charged level (100%), so 1t 1s possible
to execute next discharging control 1n a state where varia-
tions 1 SOC among the unit cells 11 are eliminated.
Theretore, 1t 1s possible to suppress a reduction 1n the usage
range up to the SOC lower limit value. Furthermore, charg-
ing control 1s carried out up to the SOC upper limit value 1n
a state where vanations 1 SOC are eliminated 1n the next
charging control after discharging control, so 1t 1s possible to
suppress a reduction in the usage range up to the SOC upper
limit value.

The second charging rate 1s set so as to be lower than the
first charging rate. For example, the first charging rate may
be set to 5 to 10 A, and the second charging rate may be set
to a low rate of 1 to 2 A. The second charging rate may be
set as needed on the basis of the amount of heat generated
at the time of overcharging of each of the nickel metal
hydride (N1-MH) secondary batteries that are used as the
unit cells 11.

In each nickel metal hydnide secondary battery, during
charging, normally, the reaction “Ni(OH),+OH™ —=Ni1OOH+
H,O+e™ occurs at the positive electrode side, and the
reaction “M"H,O+e"—=MH+OH™ occurs at the negative
clectrode side”. As a whole, the reaction *“Ni(OH),+
M—=N1OOH+MH” occurs, and, during discharging, the
reaction advances in the direction opposite to that during
charging. “M” 1s a hydrogen storage alloy.

Together with such chemical reactions, during overcharg-
ing, the reaction “OH™—'2H,0+Y40,,+€™” occurs at the
positive e¢lectrode side, and the reaction “M+H,O+¢™
—MH+OH™ and the reaction “MH,—M+X/2H, ,” occur at
the negative electrode side. These reactions during over-
charging (the SOC 1s higher than or equal to the SOC upper
limit value) also partially occur during normal charging,
and, during overcharging (the SOC 1s higher than or equal to
100%), only these reactions during overcharging occur.

In overcharging at the SOC upper limit value or higher,
inside each nickel metal hydride secondary battery, hydro-
gen 1n the hydrogen storage alloy reduces oxygen gas, and
hydrogen 1s directly stored due to the water repellency of the
hydrogen storage alloy. This recombination reaction causes
an exothermic reaction like “2H,+0,—=2H,0+Q (heat gen-
eration)” as a whole.

This heat generation occurs 1n a region in which the SOC
exceeds the SOC upper limit value. That 1s, part of electric
energy supplied in order to charge the secondary battery 1s
not used for charging but converted to thermal energy. The
second charging rate may be set to a low rate so as not to
exceed a predetermined heat generation allowable value for
cach unit cell 11 in response to the heat generation, and may
be configured such that each unit cell 11 1s allowed to be
charged to beyond the corresponding fully charged level
(overcharged). With this configuration, 1t 1s possible to
approprately carry out charging up to the fully charged level
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beyond the SOC upper limit value while suppressing heat
generation of each nickel metal hydride secondary battery
due to overcharging.

In addition, as described above, after the stop of discharg-
ing, the SOC difference between the unit cell 11 that has
reached the SOC lower limit value (the unit cell 11 having
the charged level of the SOC lower limit value) and the unit
cell 11 that has reached the SOC upper limit value 1n the last
charging control (the unit cell 11 having the charged level of
the SOC upper limit value at the start of discharging) 1s
calculated and, when the SOC difference exceeds the thresh-
old, 1t 1s possible to carry out refresh charging in charging
control after the stop of discharging.

At this time, 1n the present embodiment, at the time of
calculating the SOC difference, the current SOC of each of
the unit cells 11 having the charged level of the SOC upper
limit value 1s calculated by using the discharging current
accumulated value.

FI1G. 6 1s a graph that shows an example of the SOC-OCV
map for the nickel metal hydrnide secondary battery. As
shown 1n FIG. 6, the unit cell 11 that reaches the SOC lower
limit value as a trigger for stopping discharging 1s subjected
to determination as to whether the unit cell 11 has reached
the SOC lower limit value with the use of the SOC-OCV
map on the basis of the detected value of the voltage sensor
20. That 1s, when the voltage value corresponding to the
preset SOC lower limit value has been reached, discharging,
1s stopped, so the SOC of the unit cell 11 that reaches the
SOC lower limit value 1s the SOC lower limit value.

On the other hand, the current SOC of each of the unit
cells 11 having the charged level of the SOC upper limait
value at the time of stopping discharging, as well as the SOC
of the unit cell 11 that reaches the SOC lower limit value,
can be calculated from the SOC-OCV map by using the
detected value of the voltage sensor 20. However, as shown
in FI1G. 6, 1n the SOC-OCYV map, if there 1s a region 1n which
a voltage variation 1s small with respect to a varnation
amount 1 SOC (for example, a region 1 which the per-
centage ol a voltage varnation with respect to a variation
amount 1n SOC 1s close to 0), there 1s a concern that 1t 1s not
possible to calculate an accurate SOC 1n this region.

In the present embodiment, by utilizing the fact that the
SOC at the time of the start of discharging before refresh
charging 1s the SOC upper limit value, a current SOC1 of the
unit cell 11 having the charged level of the SOC upper limit
value, identified 1n charging control before the start of
discharging, 1s calculated by using the discharging current
accumulated value 1n a discharging period of time from the
start of discharging to the end of discharging. It 1s possible
to calculate the charged level (Ah) of the SOC upper limit
value from the fully charged level (Ah), so 1t 1s possible to
calculate the current SOC1 by subtracting the discharging
current accumulated value (Ah) from the charged level (Ah)
of the SOC upper limit value. With this configuration, 1t 1s
possible to accurately calculate the current SOC1 of the unit
cell 11 having, the charged level of the SOC upper limait
value, identified in charging control before the start of
discharging.

FIG. 7 1s a view that shows the control flow of a refresh
charging determination process for the stationary electrical
storage system 1. The refresh charging determination pro-
cess 1s executed by the controller 30, and may be executed
at predetermined timing at the time of the stop of discharg-
ing or after the stop of discharging.

As shown i FIG. 7, the controller 30 starts up the
stationary electrical storage system 1 on the basis of an
automatically or manually input system ON signal (5101).
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The controller 30 connects the battery pack 10 with the load
50 by switching the relay devices R1a, R2a from the off state
to the on state. At this time, the relay devices R1b, R2b
remain in the ofl state.

The controller 30 starts discharging control after the
battery pack 10 1s connected to the load 50. The controller
30 starts a current accumulation process 1n accordance with
the start of discharging control on the basis of the current
value that 1s detected by the current sensor 21 (5102).

The controller 30 determines whether any one of the unit
cells 11 has reached the SOC lower limit value (S103). The
controller 30 monitors the unit cell 11 that reaches the SOC
lower limit value as a trigger for stopping discharging on the
basis of the voltage values that are detected by the voltage
sensor 20, and stops discharging when any one of the unit
cells 11 has become the voltage value corresponding to the
preset SOC lower lmmit value (8103). With the stop of
discharging, the controller 30 ends the current accumulation
process, and disconnects the battery pack 10 from the load
50 by switching the relay devices R1a, R2a from the on state
to the off state. In addition, the controller 30 1dentifies the
unit cell 11 (which corresponds to a first unit cell) that has
reached the SOC lower limit value.

The trigger for stopping discharging i1s not only the case
where the SOC of the umit cell 11 reaches the SOC lower
limit value but also, for example, the case where the user or
the worker manually stops discharging or discharging 1s
forcibly stopped due to a system abnormality, or the like.
Thus, 1n the example of FIG. 7, 1n step S104, when the SOC
lower limit value 1s not reached (NO 1n S103), the controller
30 1s able to check for a discharging stop signal and to stop
or continue discharging.

Subsequently, the controller 30 executes the refresh
charging determination process at the time of the stop of
discharging control or after the stop of discharging control
(5106). The controller 30 calculates the current SOC1 of
cach of the unit cells 11 having the charged level of the SOC
upper limit value, 1dentified in charging control before the
start of discharging by using the discharging current accu-
mulated value in the discharging period of time from the
start of discharging to the end of discharging. The current
SOC1 1s calculated by subtracting the discharging current
accumulated value (Ah) from the charged level (Ah) of the
SOC upper limit value. Identification information about
cach of the unit cells 11 having the charged level of the SOC
upper limit value 1s 1dentified in charging control before the
start of discharging and 1s stored in the memory 31.

The controller 30 calculates a difference (SOC difference)
between the current SOC1 of the second unit cell 11 and the
SOC lower limit value. When the SOC difference 1s larger
than or equal to the predetermined value, a refresh charging
flag 1s set to an on state (S107), and 1s stored 1n the memory
31. On the other hand, when the SOC difference 1s smaller
than the predetermined value, the refresh charging flag 1s set
to an ofl state (S107), and 1s stored 1n the memory 31. The
predetermined value 1n the refresh charging determination
may be preset for the SOC usage range required to suili-
ciently exercise the battery performance of the stationary
clectrical storage system 1. For example, the difference
between the fully charged level (100%) and the SOC upper
limit value (second threshold) may be set as the predeter-
mined value.

FIG. 8 1s a view that shows the control flow of the external
charging process. The external charging process 1s executed
by the controller 30, and 1s, for example, executed at
predetermined timing at which midnight electric power can
be supplied from the external power supply 60.
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As shown 1n FIG. 8, the controller 30 determines whether
it 1s the start timing of external charging, and, when 1t 1s the
start timing (S301), proceeds with the process to step S302,
and starts external charging. For example, when time mea-
sured by a timer (not shown) 1s preset time at which
midnight electric power can be supplied, external charging
1s started.

The controller 30 connects the battery pack 10 to the
external power supply 60 by switching the relay devices
R154, R25H from the off state to the on state. At this time, the
relay devices R1a, R2a remain 1n the off state. The controller
30 starts charging control after the battery pack 10 1s
connected to the external power supply 60. The controller 30
starts the process of accumulating the external charging
current value on the basis of the current value that 1s detected
by the current sensor 21.

In step S302, the controller 30 carries out charging at the
first charging rate. The controller 30 monaitors the unit cell 11
that reaches the SOC upper limit value on the basis of the
voltage values that are detected by the voltage sensor 20
during charging control at the first charging rate, and deter-
mines the unit cell 11 that has become the voltage value
corresponding to the preset SOC upper limit value (S303).

The controller 30 continues charging control at the first
charging rate when no umt cell 11 that has become the
voltage value corresponding to the preset SOC upper limit
value has been detected. The controller 30 proceeds with the
process to step S304 and checks whether the refresh charg-
ing flag 1s 1n the on state or the off state when the unit cell
11 that has become the voltage value corresponding to the
SOC upper limit value has been detected.

When the refresh charging flag 1s in the off state, the
controller 30 proceeds with the process to step S308, and
ends external charging. On the other hand, when the refresh
charging flag 1s in the on state, the charging rate 1s changed

to the second charging rate lower than the first charging rate,
and additional charging 1s carried out at the second charging
rate (S305).

At this time, the controller 30 1s able to calculate electric
power required for additional charging 1n advance and to
execute control such that charging 1s carried out with the
calculated electric power at the time of carrying out charging
at the second charging rate. As 1n the example of FIG. 5, a
total amount of electric power, that 1s, the sum of an electric
power corresponding to the SOC diflerence between the first
unit cell 11 that has reached the SOC lower limit value in
current discharging control and the second unit cell 11 that
has reached the SOC upper limit value in charging control
before the current discharging control and the amount of
clectric power corresponding to “100%-SOC upper limait
value”, 1s calculated as an additional charging amount that 1s
used 1n refresh charging. The controller 30 variably controls
the calculated additional charging amount on the basis of the
SOC difference between the first unit cell 11 and the second
unit cell 11 and executes control such that extra charging 1s
carried out with the additional charging amount 1n addition
to the normal external charging amount (the charging
amount until the SOC of the first unit cell 11 reaches the
SOC upper limit value).

By variably controlling electric power required for refresh
charging that 1s carried out during external charging in this
way, 1t 1s possible to reduce an increase 1n the temperature
of each unit cell 11 due to external charging by suppressing
excessive charging while supplying electric power for equal-
1zing the SOC of each unit cell 11 through refresh charging
in just proportion.
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In step S306, the controller 30 monitors whether the SOC
of the first unit cell 11 has become the voltage value
corresponding to the fully charged level (100%) as shown 1n
the example of FIG. 6 on the basis of the voltage value that
1s detected by the voltage sensor 20 during charging control
at the second charging rate.

The controller 30 continues charging control at the second
charging rate when the first unit cell 11 has not become the
voltage value corresponding to the fully charged level
(100%), and, when the first unit cell 11 has become the
voltage value corresponding to the fully charged level
(100%), proceeds with the process to step S307, sets the
refresh charging tlag to the ofl state, and further proceeds
with the process to step S308 and ends external charging at
the second charging rate. At this time, as described above,
when the accumulated value of the external charging current
has reached the total value of the external charging amount
up to the SOC upper limit value and the calculated additional
charging amount, the controller 30 may execute control such
that external charging including refresh charging ends.

In the above description, an example 1n which the refresh
charging determination process shown in FIG. 7 1s carried
out at the time of the end of discharging control 1s described;
however, the invention 1s not limited to this configuration.
For example, the SOC difference may be calculated and
determined by using the discharging current accumulated
value obtained in discharging control in the external charg-
ing process shown 1n FIG. 8, or it may be determined 1n the
external charging process shown 1n FIG. 8 by using the SOC
difference calculated 1n FIG. 7 whether refresh charging 1s
required.

In the present embodiment, charging i1s not stopped 1n
charging control with the use of the external power supply
but the battery pack 10 (which corresponds to a stationary
storage battery) 1s additionally charged until the fully
charged level (100%) beyond the SOC upper limit value 1s
reached without stopping charging in charging control at
predetermined timing, so 1t 1s possible to equalize the SOC
of each of the unit cells 11 formed of the nickel metal
hydride secondary batteries at the fully charged level, and 1t
1s possible to eliminate variations 1n SOC.

The above description describes an example 1 which
additional charging 1s carried out such that all the unit cells
11 are charged to the fully charged level beyond the SOC
upper limit value. Instead, by additionally charging the
whole battery pack 10 such that the SOC of the unit cell 11
having the lowest SOC becomes higher than or equal to the
SOC upper limit value, 1t 1s possible to reduce an SOC
variation range within the range of the fully charged level
and the SOC upper limit value, and 1t 1s possible to suppress
a decrease 1n the battery performance of the stationary
clectrical storage system 1.

That 1s, charging at the SOC upper limit value or higher,
for example, 1s carried out in the overcharged region close
to the fully charged level, so the charging efliciency at the
SOC upper limit value or higher reduces. Thus, by addi-
tionally charging the whole battery pack 10 such that the unit
cell 11 having the lowest SOC becomes higher than or equal
to the SOC upper limit value, the SOC of each of the umt
cells 11 falls within the range between the fully charged
level and the SOC upper limit value, and the span of
variations 1n SOC reduces such that variations in SOC are
climinated. Particularly, as 1in the case of the present embodi-
ment, when the SOC usage range 1s large, the difference
between the fully charged level and the SOC upper limit
value 1s small. Therefore, when additional charging 1s car-
ried out such that the SOC of the unit cell 11 having the
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lowest SOC becomes higher than or equal to the SOC upper
limit value, it 1s possible to further reduce the span of
variations 1n SOC such that variations in SOC are elimi-
nated.

What 1s claimed 1s:

1. A stationary electrical storage system comprising;

a stationary storage battery including a plurality of nickel
metal hydride secondary batteries connected in series
with each other and configured to supply electric power
to a load;

a controller configured to repeatedly execute charging
control with the use of an external power supply and
discharging control in order to supply electric power to
the load, the controller being configured to stop dis-
charging the stationary storage battery to the load when
a state of charge (SOC) of any one of the nickel metal
hydride secondary batteries has become a first thresh-
old, the controller being configured to stop charging the
stationary storage battery from the external power
supply when an SOC of any one of the nickel metal
hydride secondary batteries has become a second
threshold, wherein

the controller 1s configured to additionally charge the
whole stationary storage battery in charging control
with the use of the external power supply such that:

the nickel metal hydride secondary battery other than the
nickel metal hydride secondary battery having the
lowest SOC 1s allowed to be charged to a fully charged
level beyond the second threshold by not stopping
charging when the SOC of the any one of the nickel
metal hydride secondary batteries has become the sec-
ond threshold; and

the SOC of the nickel metal hydride secondary battery
having the lowest SOC becomes higher than or equal to
the second threshold;

a voltage sensor configured to detect a voltage value of
cach of the nickel metal hydride secondary batteries;
and

a current sensor configured to detect a current value
flowing through the mickel metal hydride secondary
batteries, wherein

the controller 1s configured to determine the first nickel
metal hydrnide secondary battery that has reached a
voltage value corresponding to the first threshold on the
basis of a prescribed correspondence map between the
SOC of each nickel metal hydride secondary battery
and the voltage value, and to stop discharging,

the controller 1s configured to determine the second nickel
metal hydride secondary battery that has reached a
voltage value corresponding to the second threshold on
the basis of the correspondence map, and to stop
charging, and

the controller 1s configured to additionally charge the
whole stationary storage battery when an SOC difler-
ence between the first nickel metal hydride secondary
battery and the second nickel metal hydride secondary
battery 1s larger than or equal to a predetermined value.

2. The stationary electrical storage system according to

claim 1, wherein

the controller 1s configured to additionally charge the
whole stationary storage battery until the SOC of the
nickel metal hydride secondary battery having the
lowest SOC reaches the fully charged level beyond the
second threshold.

3. The stationary electrical storage system according to

claim 1, wherein
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the controller 1s configured to carry out charging at a first
charging rate until the SOC of the nickel metal hydride
secondary batteries becomes the second threshold 1n
the charging control, and

the controller 1s configured to carry out charging at a
second charging rate lower than the first charging rate
from when the SOC of the nickel metal hydride sec-
ondary batteries has become the second threshold to
when the SOC of the mickel metal hydride secondary
battery reaches the fully charged level.

4. The stationary electrical storage system according to

claim 1, wherein

the controller 1s configured to calculate the SOC of the
second nickel metal hydride secondary battery at the
time when the SOC of the first mickel metal hydnd
secondary battery has reached the first threshold on the
basis of a charging and discharging current accumu-
lated value from when discharging 1s started to when
the SOC of the first nickel metal hydride secondary
battery reaches the first threshold 1n the discharging
control.

5. The stationary electrical storage system according to

claim 1, wherein

the controller 1s configured to additionally charge the
whole stationary storage battery such that the second
nickel metal hydride secondary battery 1s charged with
an amount of electric power corresponding to the SOC
difference after the second nickel metal hydride sec-
ondary battery has been charged to the second thresh-
old.

6. A control method for a stationary storage battery

including a plurality of nickel metal hydride secondary
batteries connected 1n series with each other and configured
to supply electric power to a load, comprising:

executing discharging control to the load, and stopping
discharging the stationary storage battery to the load
when a state of charge (SOC) of any one of the nickel
metal hydride secondary batteries has become a first
threshold;

executing charging control with the use of an external
power supply, and stopping charging the stationary
storage battery from the external power supply when an
SOC of any one of the nickel metal hydride secondary
batteries has become a second threshold;

repeatedly executing the charging control with the use of
the external power supply and the discharging control
in order to supply electric power to the load; and

additionally charging the overall stationary storage bat-
tery 1n the charging control such that:

the nickel metal hydride secondary battery other than the
nickel metal hydride secondary battery having the
lowest SOC 1s allowed to be charged to a fully charged
level beyond the second threshold by not stopping
charging when the SOC of the any one of the nickel
metal hydride secondary batteries has become the sec-
ond threshold; and

the SOC of the nickel metal hydride secondary battery
having the lowest SOC becomes higher than or equal to
the second threshold;

detecting, using a voltage sensor, a voltage value of each
of the nickel metal hydride secondary batteries; and

detecting, using a current sensor, a current value flowing
through the nickel metal hydride secondary batteries,
wherein

based upon determining the first nickel metal hydride
secondary battery has reached a voltage value corre-
sponding to the first threshold on the basis of a pre-
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scribed correspondence map between the SOC of each
nickel metal hydride secondary battery and the voltage
value, stop discharging,

based upon determining the second nickel metal hydride
secondary battery has reached a voltage value corre-
sponding to the second threshold on the basis of the
correspondence map, stop charging, and

additionally charge the whole stationary storage battery
when an SOC difference between the first nmickel metal

hydride secondary battery and the second nickel metal
hydride secondary battery is larger than or equal to a
predetermined value.
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